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ECOLOGY AND THERMAL INACTIVATION OF MICROBES 
I N  AND ON INTERPLANETARY SPACE VEHICLE 
COMPONENTS 
In t roduct ion  
I n  our l as t  qua r t e r ly  r epor t  w e  described a rapid procedure 
f o r  drying and e q u i l i b r a t i n g  spores p r i o r  t o  thermal inac t iva t ion  
determinations.  This technique of preparing spores has continued 
t o  be e f f e c t i v e  i n  t h a t  reproducible D va lues  are obtained by p la te  
count determinations of survivors  i n  the  range of 10 
test u n i t  . 
6 2 t o  10 per  
I n  t h i s  quar te r ,  our e f f o r t s  have been concentrated upon 
(a)  modif icat ion of t he  hea t  exposure system (can and contents)  t o  
accommodate s t a i n l e s s  steel cups i n  l i e u  of the  tubes t h a t  were used 
i n  previous s tud ies ,  (b) heat  penetrat ion s tud ie s  on t h i s  system, 
(c) comparison of D values  as obtained from plate-count and most- 
probable-number da ta  using t h i s  system, and (d) study of the  rate of 
c ros s  contamination between cups i n  our test  system. 
I. MODIFICATION OF THE HEAT EXPOSURE SYSTEM 
2 To work i n  the  10 t o  lo-' range of survivors  per test uni t ,  
a technique of enumeration i s  needed t h a t  w i l l  be  reasonably precise 
with t h i s  l o w  level of surv iva l .  We had been using a most-probable- 
number technique based on growth or  no growth a f t e r  spores were ex- 
posed t o  hea t  i n  6 x 50 mm tubes contained i n  a sea led  can, These 
tubes were not s a t i s f a c t o r y  i n  t h a t  t he  headspace a i r  i n  each tube 
appeared t o  delay e q u i l i b r a t i o n  which i n  tu rn  gave erratic D values.  
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To reduce the  problem of headspace, s t a i n l e s s  steel cups (0.8 cm 
deep by 1.0 cm diameter) were subs t i t u t ed  f o r  t h e  tubes. 
cups were placed on shelves  (30 per s h e l f )  and four  shelves  were used 
i n  each 206 x 300 t i n  can (Fig. 1). A s t a i n l e s s  steel san i t a ry  f i t -  
t i n g  cup was placed i n  t h e  bottom of each can t o  increase  the  weight 
of t he  f i l l e d  can so t h a t  the  can would s t ay  submerged i n  a s i l i c o n e  
o i l  bath operat ing a t  125OC. 
11. HEAT PENETRATION STUDIES 
These 
With a 30-cup-per-tray and a 4-tray-per-can array,  i t  i s  ob- 
v ious  t h a t  t h e  cups a t  t h e  outer  periphery of the  shelves  will heat  
faster than those i n  the  center .  Our need f o r  many replicates t o  
make the  most-probable-number system reasonably precise ,  made it  de- 
s i r a b l e  t o  use the  cup-can system s ince  one can contained 120 cups 
o r  120 test u n i t s  which could be  t e s t ed  f o r  growth or no growth sub- 
sequent t o  hea t  exposure. We t e s t ed  heat  penetrat ion i n t o  t h i s  cup- 
can system t o  determine i f  t he  d i f fe rences  i n  heat ing rates experienced 
by cups i n  two pos i t ions  i n  t h e  can would be  s i g n i f i c a n t  when the  
t o t a l  heat  exposure t i m e  was considered. Thermocouples were placed 
t o  measure the  center  cup i n  the  bottom she l f  and one cup on the  
periphery o f c t h e  second she l f .  
s e l ec t ed  a s  r ep resen ta t ive  of the  maximum l a g  because of t h e  lag  i n  
hea t ing  caused by the  s t a i n l e s s  steel  weight immediately below t h i s  
cup. 
r ep resen ta t ive  of t he  f a s t e s t  heat ing because of i t s  proximity t o  
The cen te r  of t he  bottom shelf  was 
A cup on the  periphery of the  second she l f  was se l ec t ed  as 
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the side of the can. 
to 0.1OC below bath temperature with the cup in the center of the 
There was a 3-min difference in heating time 
bottom shelf showing the longer heating time. Total heating time for 
this cup was 24 min (Fig. 2). When the relatively long heating time 
was considered together with the long exposure times at 125"C, it was 
judged that this difference in heating rate would not significantly 
affect the results obtained by the most-probable-number technique. 
111. COMPARISON OF D VALUES BY PUTE COUNT AND MOST PROBABLE NUMBER 
TECHNIQUES 
6 -2 For D-value determinations in the range of 10 to 10 spores 
per test unit (cup), it would be most effective if plate-count data 
could be used from the start of the experiment until spore concentra- 
2 tion approached approximately 10 per test unit. As spore inactiva- 
tion increased, the most-probable-number technique would be used 
until the spore concentration was < 10 -2 per test unit. Before two 
techniques could be used to generate thermal-death-time data for one 
experiment, a comparison was run to determine whether the data obtained 
by the two techniques were different. 
- B. subtilis var. niger spores that had been suspended in 95% 
EtOH were diluted in phosphate buffered dilution water to a concentra- 
tion of 10 8 per ml and these were dispensed with a microburette in 0.01 
amounts into sterile stainless stekl cups (0.8 mm deep and 1.0 cm in 
diameter). These cups were placed on the shelves made to fit the 
thermal-death-time can used in these studies and the spores in cups, 
open cans, and lids were dried in a vacuum Oven for a minimum of 30 min 
at 46-5OoC at 1.5 inch Hg pressure. After initial drying, the spores 
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together  with t h e  s ta inless-s teel-cup-can system, were purged f i v e  
t i m e s  with dry n i t rogen  and cycaed with vacuum being used between 
each purge. 
t he  e q u i l i b r a t i o n  hood f o r  about 5 min a t  3OoC,  ( t he  R.H. of t h i s  
hood i s  maintained between 2-5%) and the  cans were sealed with a 
c m e r c i a l  can sealer. 
Af t e r  exposure t o  dry n i t rogen  t h e  cans were placed i n  
The equipment used f o r  drying and sea l ing  i s  
shown i n  Fig.  3. 
The cans conta in  cups wi th  spores were heated a t  125°C f o r  
va r ious  t i m e s ,  cooled, and opened with a can opener. The sample 
cups were placed i n  peptone water, sonicated,  d i lu ted ,  and p la ted  
f o r  spore counts. The same f l u i d  was a l s o  used t o  determine most 
probable number. For each sample, a series of seven master d i lu t ions  
was made and 10 - 0.5-1 samples were taken from each, 
W e r e  assayed f o r  each i n t e r v a l  of heat ing t i m e .  
were dispensed i n t o  s ter i le  s t a i n l e s s  s t e e l  cups held i n  p e t r i  
d i shes ;  these  were incubated f o r  7 days a t  35OC and scored for growth. 
Drying was prevented by adding water t o  a f i l t e r  paper disk placed i n  
t h e  bottom of each p e t r i  dish.  Most-probable-number values were ca l -  
Six samples 
The 0.5-1 samples 
. a  
cula ted  and compared with plate  counts (Tab le  l), the  data p lo t t ed  on 
semilog paper (Figs. 4 and 5), and D values  ca lcu la ted .  There were 
11.7 min f o r  the  thermal-death-time curve obtained from plate-count 
data and 11.6 min obtained from the most-probable-number data. 
I V .  SOME STATISTICAL APPLICATIONS TO TKERMAL DEATH TIME EXPERIMENTS 
I n  the  most-probable-number technique, t h i s  number i s  obtained 
by scoring s t a i n l e s s  steel cups containing 0.5 m l  of broth as having 
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growth of E. s u b t i l i s  var. n ige r .  
t o  each o ther  with about 20 being placed i n  a s i n g l e  p e t r i  dish.  
Any c ross  contamination between t h e  broth i n  a cup with g r m t h ,  and 
an adjacent  cup t h a t  o r i g i n a l l y  contained no survivors  would cause , 
e r r o r s  i n  t h e  va lue  obtained as being the  most probable number of 
survivors.  
These cups are placed ad jacent  
Cross contamination experiments were set up by preparing cups 
each with approximately 100 viable spores. 
placed ad jacent  t o  steri le cups i n  p e t r i  d ishes .  
f i l l e d  i n  the  usua l  manner which i s  the  add i t ion  of 0.5 m l  of broth 
with an automatic p i p e t t o r  i n  a hor izonta l  laminar flow cabinet .  
A l l  cups were incubated f o r  7 days and scored f o r  growth. I n  no 
case d id  growth occur i n  a cup t h a t  was not  i n i t i a l l y  inoculated 
with spores. 
V. ' EXAMINATION OF CULTURES FROM APOLLO 11 
These were d r i ed  and 
A l l  cups were 
The c u l t u r e s  from Apollo 11 were received i n  two l o t s  and 
examinations were begun immediately. 
amined fo r  growth c h a r a c t e r i s t i c s ,  colony appearance, and pigment 
production, and these  c h a r a c t e r i s t i c s  were recorded on the  record 
sheets .  Gram-stained smears were made and t h e  gram reac t ions  and 
c e l l u l a r  morphology recorded. 
The o r i g i n a l  s l a n t s  were ex- 
A t o t a l  of 1,150 c u l t u r e s  were received and on the  basis of the  
above examinations, were divided i n t o  appropr ia te  groups f o r  fu r the r  
study. The r e s u l t s  of these  s tud ie s  are shown i n  T a b l e  2. 
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The predominating type of organism was the catalase positive- 
gram positive cocci. A total of 874 such strains was identified. 
The next largest group were non-sporeforming gram-positive bacilli, 
80 of which were charac&erized. Ten sporeforming bacilli and 12 
gram-negative bacilli were also characterized. 
A large number of strains (174) failed to grow at sane stage 
in the identification procedure and therefore could not be completely 
identified. This was, however, a marked improvement over the situa- 
tion with the Apollo 10 strains when a total of 386 could not be 
identified. A breakdown of this group is shown in Table 3. 
The most frequently occurring type (the catalase posftive- 
gram positive cocci) was identified according to schema suggested by 
Baird-Parker. A breakdown of this group is shown in Table 4. As in 
the Apollo 10 cultures, the staphylococcal subgroups predominated in 
these isolations. 
Table 1 
Comparison of survivors after six heating periods at 125OC when 
measured by plate-count and most-probable-number techniques 
Heating 
time Replicate number 
Technique (min) 1 2 3 4 5 6 
3 (count per cup x 10 ) 
Plate Count 4 
MPN 4 
Plate Count 8.2 
MPN 8.2 
Plate Count 15.1 
MPN 15.1 
Plate Count 23.1 
MPN 23.1 
Plate Count, 31.1 
MPN 31.1 
Plate Count 38.1 
MPN ' 38.1 
690 
590 
180 
12 0 
22 0 
110 
12 
7.8 
1.9 
1.1 
0.6 
0.6 
6 10 730 730 
480 510 72 0 
190 260 350 
150 190 3 10 
2 00 150 16 0 
230 12 0 13 0 
20 20 19 
17 12 10 
1.9 1.8 2.2 
1.3 1.7 2.2 
0.9 1.2 1.2 
1.1 1.0 0.9 
860 
7 00 
440 
2 90 
150 
140 
22 
26 
4.1 
3.6 
1.9 
1.1 
L..l 
480 
410 
95 
100 
26 
29 
6.7 
6.5 
1.6 
0.9 
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Table 2 
Catalase pos i t ive ,  gram pos i t i ve  cocc i  
Gram pos i t i ve ,  non sporeforming b a c i l l i  
Sporeforming, gram pos i t i ve  b a c i l l i  
Resul t s  from s tud ie s  of cu l tu re s  from Apollo 11 
8 74 
80 
10 
Cultures  t h a t  could not  be completely i d e n t i f i e d  
because of f a i l u r e  t o  grow a t  some s t age  i n  the  
i d e n t i f i c a t i o n  procedure. 174 
Gram negative bac ill i 
Tota l  number of c u l t u r e s  
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Table '3 
1, 
2. 
3 .  
4. 
5 .  
6 .  
Analysis of numbers of s t r a i n s  t h a t  f a i l e d  
t o  grow a t  some s t e p  i n  t h e  i d e n t i f i c a t i o n  
procedure. 
Fai led t o  grow from o r i g i n a l  s l an t s , 'These  were 
mo.stly cocci  but a few showed no organisms 
' i n  gram s t a ined  smears. 
Grew on f i r s t  subculture,  were c a t a l a s e  
p o s i t i v e  cocci, but  f a i l e d  t o  grow on 
subsequent subculture.  
Grew on f i r s t  subculture,  were c a t a l a s e  
negative, but f a i l e d  t o  grow on subsequent 
subculture.  
Spores seen i n  gram s t a i n  but f a i l e d  t o  grown 
on subculture.  
Non-sporeforming gram p o s i t i v e  b a c i l l i  i n  
gram s t a i n  but f a i l e d  t o  grow on subculture.  
Gram negative b a c i l l i  seen i n  gram s t a i n  but 
f a i l e d  t o  grow on subculture.  
TOTAL 
Vumber of 
s t r a i n s  
14 
88 
4 
2 
49 
17 
174 
d 
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Types of catalase posit ive cocci identified. 
Number of 
s t ra ins 
Type of organism Approximate 
% 
Staphylococcus, Subgroup I 
Staphylococcus, Subgroup I1 
Staphylococcus, Subgroup 111 
Staphylococcus, Subgroup IV 
Staphylococcus, Subgroup V 
Staphylococcus, Subgroup V I  
Micrococcus, Subgroup 1 
Micrococcus, Subgroup 2 
Micrococcus, Subgroup 3 
Micrococcus, Subgroup 7 
Micrococcus, Subgroup 8 
22 
221 
6 
194 
192 
142 
31 
10 
6 
34 
1 
3 
25 
< 1  
22 
22 
16 
4 
1 
< 1  
4 
< l  
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Fig. le Cup-can system used fer destruction rate 
studies. 
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Fig. 4. Thermal inactivation of subtilis 
var niger at 125°C. Survivors 
measured by Plate Count. 
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Fig.  5. Thermal inactivatipn of  e. s u b t i l i s  
v a r  n i g e r  a t  125°C.  S u r v i v o r s  
measured by most probable number 
t e chni que. 
